It has recently been established that infection with a virus is the most common cause of transient arrest of erythrocyte production in the bone marrow, leading to aplastic crisis, in persons suffering chronic haemolytic anaemias. The physical characteristics of this human virus have suggested that it may be a member of the Parvoviridae. We report here that extraction of nucleic acid from this virus under annealing conditions yielded a single species of double-stranded DNA 5-5 kb in length. Treatment with heat or alkali converted this DNA into a rapidly migrating form sensitive to the singlestrand-specific nuclease S1. Extraction of the virion DNA under conditions of low ionic strength where annealing would not be expected to occur yielded DNA which comigrated with the 5.5 kb single-stranded molecule. The results indicate that this virus packages equal numbers of complementary DNA strands into separate virions. It is suggested that this virus can be classified as a member of the genus parvovirus.
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SUMMARY
It has recently been established that infection with a virus is the most common cause of transient arrest of erythrocyte production in the bone marrow, leading to aplastic crisis, in persons suffering chronic haemolytic anaemias. The physical characteristics of this human virus have suggested that it may be a member of the Parvoviridae. We report here that extraction of nucleic acid from this virus under annealing conditions yielded a single species of double-stranded DNA 5-5 kb in length. Treatment with heat or alkali converted this DNA into a rapidly migrating form sensitive to the singlestrand-specific nuclease S1. Extraction of the virion DNA under conditions of low ionic strength where annealing would not be expected to occur yielded DNA which comigrated with the 5.5 kb single-stranded molecule. The results indicate that this virus packages equal numbers of complementary DNA strands into separate virions. It is suggested that this virus can be classified as a member of the genus parvovirus.
In 1975 a novel virus was reported in the serum of 11 persons (Cossart et al., 1975) . Nine were healthy blood donors, one person had received a renal transplant 1 week previously and the other was a case of acute hepatitis. The virus was provisionally described as a human parvovirus-like agent (PVLA) by virtue of its morphology, size (23 nm) and buoyant density in CsC1 (1.36 to 1.40 g/ml), although no antigenic relationship could be detected in electrophoresis tests with recognized parvoviruses. Following this description sporadic cases of infection were reported in association with febrile illness Shneerson et al., 1980) but the nature of this agent and its pathological significance in man remained obscure. With the identification of a defined syndrome of serious clinical illness attributable to infection with this virus Serjeant et al., 1981) interest has been revived; it is now clear that in patients with chronic haemolytic anaemias, infection with this agent results in a transient interruption in the production of erythrocytes, leading to a profound but self-limiting anaemia (Anderson et al., 1982a; Duncan et al., 1983; Kelleher et al., 1983; Rao et al., 1983) , the so-called 'aplastic crisis'. This pattern of pathological changes affecting the rapidly dividing cells of the erythrocyte series is reminiscent of the changes seen in rapidly dividing tissues of other species infected with animal parvoviruses, such as leukopenia and enteritis in cats and dogs, and foetal death and abnormality in pigs.
The present study was undertaken to determine the nature of the PVLA genome so that the provisional classification of this virus as a member of the Parvoviridae could be confirmed. The virus used in this study was found in the serum of an asymptomatic blood donor (Anderson et al., 1982b) . Using precipitation-in-gel techniques its reactivity with human convalescent sera was found to be the same as viruses found in the acute phase of aplastic crisis in patients in the U.K. , Jamaica (Serjeant et al., 1981) and Chicago (Rao et al., 1983) . A 0.5 ml sample of serum was sedimented through a 4.5 ml 15 to 30~o (w/v) sucrose gradient containing 20 mM-Tris-HC1 pH 7.5, 1 mM-EDTA and 0.15 M-NaC1, by centrifugation at 50000 rev/min for 180 min at 20 °C in a Beckman SW50.1 rotor. The pellet was resuspended in 50 gl water and a 0022-1317/83/0000-5804 $02.00© 1983 SGM sample negatively stained with uranyl acetate for examination by electron microscopy. Many parvovirus-like particles were seen with diameters ranging from 19 to 23 nm (Fig. 1) .
A portion (30 B1) of the virus suspension was treated with DNase I for 15 min at 37 °C in the presence of 5 mM-magnesium acetate and 10 mM-Tris-HC1 pH 7.5 to destroy extra-virion D N A . The sample was then disrupted with 0-5~o SDS and 1 ~tg/ml proteinase K for 30 min at 50 °C after the addition of 20 mM-EDTA and 0-1 M-NaCI. The digested virions were extracted with an equal volume of phenol:chloroform (1:1) and the nucleic acids precipitated with 2 vol. absolute ethanol. The dried precipitate was dissolved in 20 ~tI 10 mM-Tris-HC1 pH 7.5 with 1 mM-EDTA and 50 mM-NaC1 by heating at 65 °C for 30 s. A sample of this nucleic acid preparation was subjected to agarose gel electrophoresis and visualized by ethidium bromide staining (Fig. 2) . A discrete band of staining material with a mobility corresponding to double-stranded D N A 5.5 kilobase pairs in length was present in the extracted sample. The ability of the extracted PVLA DNA to act as a template for Escherichia coli DNA polymerase I was investigated by attempting a repair-type synthesis. PVLA DNA was reacted at 25 °C with 40 ng DNA polymerase I, 50 ~tM each of dATP, dGTP and dCTP, and 5 Ixr, l-[32 P]TTP (20 Ci/mmol) in 0.1 M-Tris-HCI pH 7.4 with 20 mM-magnesium acetate, 20 mM-NaC1 and 5 ptg calf thymus DNA oligonucleotide primers in a total volume of l0 tzl (Summers et aL, 1975) . The ability of the sample to serve as a template was stimulated at least 20-fold by prior treatment of the viral genome with alkali, suggesting that the nucleic acid was double-stranded (Fig. 3) . The final level of incorporation, representing a onefold synthesis, was 14.4 pmol TTP per Izl of template. This incorporation represents 16.4 ng of DNA synthesized per txl of template. Since this template was in effect a 15-fold concentrate of the initial serum material, the amount of viral DNA recovered was estimated to be about 1 p.g per ml of serum. This amount is in good agreement with the intensity of staining observed in Fig. 2 .
Radioactive viral DNA prepared in this way was used as a sensitive hybridization probe to test the electrophoretic behaviour of small amounts of unmodified extracted viral DNA after various treatments. Viral DNA was subjected to electrophoresis through 1 ~ agarose gels, transferred to nitrocellulose filters by the method of Southern (1975) and hybridized to approx. 3 × 106 ct/min of the 32P-labelled PVLA DNA probe. Viral DNA migrated as a 5.5 kb doublestranded molecule (Fig. 4a, lane 1) . This DNA was destroyed by treatment with 5 pg/ml DNase (Fig. 4a, lane 3) , but not by treatment under conditions of low ionic strength with an equal concentration of RNase A (Fig. 4a, lane 2) .
Digestion with 1 unit of the restriction endonuclease BamHI cut the molecule apparently at a single site to generate 4-0 kb and 1-5 kb fragments (Fig. 4a, lane 4) .
Treatment of the DNA with alkali (Fig. 4b, lane 2) or heat (Fig. 4c, lane 3) converted it into a rapidly migrating form that was sensitive to the single-strand-specific nuclease S 1 (Ando, 1966) (Fig. 4c, lane 4) consistent with complete denaturation into 5.5 kb strands. When alkalidenatured DNA was used as a template for E. coli DNA polymerase I in a repair-type synthesis, a 5.5 kb double-stranded molecule was generated (Fig. 4d, lane 1) indicating that the singlestranded template was in fact 5.5 kb in length.
These data indicate that the major species of viral DNA present in the extracted nucleic acids was a double-stranded linear molecule 5.5 kb in length. Single-stranded species were only Short communication et al., 1969) . E x t r a c t i o n of d e p e n d o v i r u s nucleic acid u n d e r the c o n d i t i o n s used here causes these c o m p l e m e n t a r y s t r a n d s to a n n e a l q u a n t i t a t i v e l y to form d o u b l e -s t r a n d e d linear molecules (Rose et al., 1969) . To d e t e r m i n e w h e t h e r t h e D N A p r e s e n t in the P V L A virus particles was in fact single-stranded, a different e x t r a c t i o n p r o c e d u r e was employed. Virus particles were digested with SDS a n d p r o t e i n a s e K u n d e r c o n d i t i o n s of low ionic s t r e n g t h w h e r e self-annealing of the c o m p l e m e n t a r y s t r a n d s would not be expected to occur. The disrupted virions were loaded directly on to an agarose gel and the mobility of the viral DNA species was determined by hybridization of the probe to a Southern blot of the gel (Fig. 4c, lane 5) . The vast majority of viral DNA extracted in this manner co-migrated with the 5-5 kb single-stranded DNA generated by denaturation of the double-stranded viral DNA. Thus, the virions contain single-stranded DNAs which are complementary to each other and anneal in solution to form a 5.5 kb double-stranded molecule. The identification of a single-stranded DNA genome within the particles of PVLA, together with their morphology, size and buoyant density, confirms that this agent is a member of the Parvoviridae (Andrewes, 1970; Andrewes et al., 1978) .
A unique cleavage site for BamHI was observed in all the annealed double-stranded species, indicating that a single class of molecules with unique complementary sequences is present in the viral genome. It is very likely that this virus packages equal numbers of complementary strands into separate particles since no single-stranded species were seen in the annealed sample of viral DNA. This is a property shared with both the dependovirus (Crawford et al., 1969) (adeno-associated viruses) and densovirus (Kelly et al., 1977) (densonucleosis viruses of insects) genera. There is to date no evidence for a requirement for co-infection with either an adenovirus or a herpesvirus in PVLA infections, although in the absence of a system for the replication of PVLA in tissue culture a definitive exclusion cannot be made. Equally, arthropod vectors have not been implicated in the transmission of PVLA. However, while the majority of the autonomously replicating vertebrate pathogens of the genus parvovirus package few, if any, complementary strands (Siegl, 1976) , Muller & Siegl 0983) report that the parvovirus LuIII packages complementary strands with equal efficiency in a similar manner to the human virus described here. We would suggest, therefore, that PVLA may be classified as a member of the genus parvovirus. 
